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1. Introduction 
Waste water management in Nigeria does not receive the attention it deserves. Domestic 
waste water is discharged into streams and reservoirs that supply drinking water without 
any treatment (Tiseer et al., 2008). Chemical substances from agricultural activities 
(fertilizers, pesticides and herbicides) in the catchment of reservoirs may introduce nutrients 
and heavy metals at concentrations higher than that which the environment can handle 
(WHO, 2006). Nigeria has a number of environmental regulatory laws which include: the 
National Environmental Standards and Regulations Enforcement Agency (Establishment) 
Act of 2007 (The NESREA Act), Nigerian Radioactive Waste Management Regulations 2006, 
Environmental Impact Assessment Act of 1992 (EIA Act), Harmful Wastes (Special Criminal 
Provisions etc.) Act of 1988 (Harmful Wastes Act), the National Oil Spill Detection and 
Response Agency (Establishment) Act 2006 (the NOSDRA Act) and Nigerian Radioactive 
Waste Management Regulations 2006. However, the enforcement of these regulations has 
not been effective (Onaruwa and Fakayode, 2002 and Adegoroye, 2008) and thus pollution 
of both rural and urban water sources commonly occurs. In rural areas, natural sources of 
drinking water, such as streams, wells and other reservoirs are usually polluted by organic 
substances from upstream users who use water for Agricultural activities and other 
domestic purposes. In urban areas, population pressure, industrial activities and 
agricultural activities place pollution stress on reservoirs of water (Adakole et al., 2002, 
Fakayode, 2005 Kimura, 2005, Tiseer et al., 2008). The water in these reservoirs is sometimes 
taken directly without any form of treatment. 
Contamination of sources of water by waste alters water quality (the physical, chemical and 
biological characteristics).When the physical and chemical conditions of ecosystems are 
changed beyond their normal ranges, changes may be expected to occur in individual 
organisms, populations and communities of the ecosystem (Lenat et al., 1980, Akin-Oriola, 
2003, Kadiri, 2006). Assemblages of cyanobacteria are good indicators of eutrophic water 
bodies (Reynolds, 1998).  Some species of cyanobacteria could contain cyanotoxins in their 
cells but do not release these into the water, and as such are harmful only when consumed 
while others release toxins directly into the water (Chorus and Batram, 1999 and WHO, 
2006). They can also alter taste and odor problems, cause water discoloration, or form large 
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mats that can intefere with boating, swimming, and fishing (Borgh, 2004). Cyanobacteria 
present a range of characteristics that give them clear competitive growth advantage over 
planktonic algae under certain environmental conditions. Such include; a requirement of 
low light intensity and little energy to maintain cell structure and function (Mur et al., 1999); 
possession of gas vacuoles within their cells as a buoyancy regulation mechanism to avoid 
light damage in high-light environments, such as in tropic lakes or to access light in turbid 
or low-clarity water (Haider et al., 2003). Cyanobacteria can also store phosphorus (luxury 
uptake), as a useful adaptation that allows continued growth under conditions of 
fluctuating nutrient concentrations.  They are also not grazed by zooplankton, since they are 
not the preferred food for these aquatic organisms (Chorus and Batram, 1999). 
Data on levels of aquatic pollution and its implication to human health is generally lacking 
for most aquatic ecosystems in Nigeria. This study was therefore designed to evaluate the 
impact of waste water on three reservoirs receiving varying degrees of waste water.  
2. Materials and methods 
2.1 Study area 
The three reservoirs studied were Gimbawa reservoir in Ikara Local Govt. (Long.1006’N and 
Lat.8035’E), Saminaka reservoir in Lere Local Govt. (10o70’N and 8o75’E) and Zaria reservoir, 
Zaria Local Government (70 38’N and 11011’E) of Kaduna State. Kaduna State is located in 
the northern guinea savannah vegetative zone of Nigeria and has a tropical continental 
climate, with distinct wet and dry seasons. Three sampling stations were studied in each 
reservoir based on the diffrent activities in the catchment from May 2008 to April 2009.  
2.2 Phytoplankton collection:  
Phytoplankton was collected using a conical shape plankton net of 20 cm diameter with a 50 
ml collection vial attached to it (Perry, 2003). Samples were collected at three sampling 
points in each reservoir to reflect the various activities in the catchment. Phytoplankton was 
identified by consulting texts by Presscott (1977) and Perry (2003).  
2.3 Physico-chemical parameters 
Physico-chemical parameters of water were analyzed once a month from May 2008 to April 
2009. Surface water temperature was measured in situ using a mercury thermometer. pH 
and Electrical Conductivity were measured using HANNA instrument (pH/Electrical 
Conductivity/Temperature meter model 210). Total Hardness, Dissolved oxygen (DO), 
Biological Oxygen Demand (BOD), Nitrate-Nitrogen (NO3-N) and Phosphate-phosphorus 
(PO4-P) were determined by methods described by APHA (1998). 
2.4 Metal analysis 
Metal concentration in the water samples was determined by Atomic Absorption 
Spectrophometry (AAS). Water samples were digested by Nitric acid (HNO3) digestion (as 
described by APHA, 1998). 
3. Statistical analysis 
Analysis Of Variance (ANOVA) was used to compare the means of physicochemical 
parameters; heavy metals concentration and abundance of phytoplankton from the different 
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reservoirs. Pearson’s correlation coefficient was used to determine the relationship between 
physicochemical parameteres; physicochemical parametres and phytoplakton. Shannon-
Wiener diversity index was used to determine phytoplankton diversity while  Simpson’s 
Index  was used to determine evenness of phytoplankton distribution. 
4. Results 
Mean monthly Air Temperature varied from 27.67 to 34.170C with mean ± standard error of 
31.76±0.620C (Table1), for Gimbawa reservoir, whereas in Saminaka reservoir it ranged 
between 250C and 36.670C with mean ± SE of 30.96±0.970C. In Zaria reservoir, air 
temperature ranged from 26 to 35.330C mean ± SE of 29.67±0.680C(Table 1). This observed 
difference was however not statistically significant. 
The three reservoirs had mean ± SE of Surface water temperature was 26.16±1.000C 
(Gimbawa), 26.19±1.070C (Saminaka) and 26.08±0.630C (Zaria) (Table 1). The differences were 
however, not statistically significant between months, seasons and reservoirs (P > 0.05).  
 
 
Gimbawa Saminaka
 
Zaria 
 Min Max Mean ± SE Min Max Mean ± SE Min Max Mean ± SE 
Air  
Temperature 
(0C) 
27.67 34.67 31.76 ± 0.62 25 36.67 30.96 ± 0.97  26 35.33 29.67 ± 0.68 
Water  
Temperature  
(0C) 
20.33 31.67 26.16 ± 1.00 20 31 26.19 ± 1.07 20.67 28 26.08 ± 0.63 
Secchi disc  
Transparency 
(cm) 
13.67 69.67 17.67 ± 6.06 8.17 19.33 7.29 ± 2.19 13.67 47 21.48 ± 4.46 
pH 6.87 8.76 7.54 ± 0.15 6.46 8.21 7.34 ± 0.15 6.42 7.9 7.31 ± 0.14 
Electrical  
Conductivity  
( µS/cm) 
45.1 573.33 120.50 ± 41.95 12.33 496 128.07 ±40.00 31.67 518 97.20 ±38.59 
Dissolved  
Oxygen  
(Mg/L) 
6.87 8.76 6.71 ± 0.39 3.52 9.1 6.16 ± 0.53 3.73 10.22 6.44 ± 0.58 
BOD  
(Mg/L) 
0.16 4.37 2.17 ± 0.41 0.37 5.57 2.60 ± 0.5 0.06 3.54 1.68 ± 0.38 
Alkalinity  
(Mg/L) 
2.87 6.7 5.05 ± 0.32 2.43 14.8 6.77 ± 1.16  2.5 5.8 4.29 ± 0.31 
Hardness  
(Mg/L) 
0.5 3.93 1.26 ± 0.26  0.43 4.53 1.46 ± 0.30 0.6 5.1  
N03-N  
(Mg/L) 
0.03 0.19 0.12 ± 0.01 0.02 0.16 0.09 ± 0.01 0.01 0.55 0.13 ± 0.05 
P04-P  
(Mg/L) 
0.06 0.62 0.29 ± 0.06 0.06 0.76 0.39 ±0.08 0.03 0.8 0.39 ±0.08 
SE = Standard Error, BOD = Biochemical Oxygen Demand, N03-N = Nitrate-Nitrogen, P04-P = 
Phosphate-phosphorus 
Table 1. Physico-chemical characteristics of Gimbawa, Saminaka and Zaria reservoirs 
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Secchi Disc Transparency values in Gimbawa reservoir had the highest value of 69.67cm 
and lowest of 13.67cm. In Saminaka reservoir, the values ranged from 4.36 to 19.33cm, while 
in the Zaria reservoir it ranged from 13.67 to 47cm. The mean ± Standard Error of the 
reservoirs are Gimbawa: 17.67±6.06cm, Saminaka: 7.29±2.19cm and Zaria: 21.48±4.46cm 
(Table 1). This observed difference was statistically significant between reservoirs (P < 0.05) 
and between seasons (P < 0.05). 
pH values in Gimbawa reservoir varied from 6.87 to 8.76. In Saminaka reservoir, the highest 
pH value was 8.21 and lowest was 6.46.While in Zaria reservoir, the highest pH value was 
7.9 and lowest of 6.42. The mean±SE observed in the reservoirs were: Gimbawa, 7.54±0.15; 
Saminaka, 7.44±0.15 and Zaria, 7.31±0.14 (Table 1). The observed differences were not 
significant between reservoirs (P > 0.05) but significant between months (P < 0.05) and 
seasons (P < 0.01).  
The mean±SE Electrical of Conductivity (EC) for Gimbawa, Saminaka and Zaria reservoirs 
observed were 120.50± 41.95μS/cm, 128.07± 40.00μS/cm and 97.20± 38.59μS/cm 
respectively (Table 1). The variation of EC was significant only between months (P < 0.05). 
Dissolved Oxygen (DO) varied between 8.58mg/L and 3.9 mg/L in Gimbawa reservoir,. 
Saminaka reservoir had values ranging between 9.1mg/L to 3.52ml/L while in Zaria 
reservoir had range of values for DO from 3.73 mg/L to 10.22 mg/L. The mean±SE of 
Gimbawa, Saminaka and Zaria reservoirs observed were 6.71± 0.39 mg/L, 6.16± 0.53mg/L 
and 6.44 ± 0.58 respectively (Table 1). The variation of DO was significant between months 
and seasons (P < 0.05). 
Biochemical Oxygen Demand (BOD) values in Gimbawa reservoir ranged from 4.37mg/L to 
0.16mg/L, In Saminaka reservoir the values range from 0.37 to 5.57mg/L whereas in Zaria 
reservoir the values ranged from 0.06mg/L to 3.54mg/L. The mean±SE of Gimbawa, 
Saminaka and Zaria reservoirs observed were 2.17± 0.41 mg/L, 2.60± 0.50mg/L and 1.68 ± 
0.38mg/L respectively (Table 1). The variation of BOD was significant between months and 
seasons (P < 0.01). 
The mean ± SE of Alkalinity for Gimbawa, Saminaka and Zaria reservoirs observed were 
5.05± 0.32 mg/L, 4.29± 0.31mg/L and 6.77 ± 1.16mg/L respectively (Table 1). The variation 
of Alkalinity was significant between months, reservoirs (P < 0.05) and between seasons (P < 
0.01). 
The mean ± SE of Hardness for Gimbawa, Saminaka and Zaria reservoirs observed were 
1.26± 0.26 mg/L, 1.46± 0.30mg/L and 1.49 ± 0.36mg/L respectively (Table 1). These 
variations however, were only significant between months (P < 0.05) and not between 
months and seasons (P > 0.05). 
Nitrate-nitrogen concentration for Gimbawa reservoir had a highest value of 0.19 mg/L and 
lowest of 0.03mg/L. Saminaka reservoir had a highest value of 0.16 mg/L and lowest of 
0.02mg/L. Zaria reservoir had its highest value of 0.55 mg/L and lowest of 0.01 mg/L. The 
mean ± SE Nitrate-nitrogen concentration for Gimbawa, Saminaka and Zaria reservoirs 
observed were of 0.01 mg/L, 0.09± 0.05mg/L and 0.13 ± 0.05mg/L respectively (Table 1). 
These variations however, were not statistically significant between reservoirs, months and 
seasons (P > 0.05). 
For phosphate-phosphorus concentration, Gimbawa had its highest value of 0.62mg/L  and 
lowest of 0.18mg/L. Saminaka reservoir had the highest concentration of 0.76mg/L and 
lowest of 0.04mg/L. Zaria reservoir had its highest value of 0.8mg/L  and lowest of 0.04mg/L. 
The mean±SE of Gimbawa, Saminaka and Zaria reservoirs observed were 0.29± 0.06 mg/L, 
0.39 ± 0.08mg/L and 0.39 ± 0.08mg/L respectively (Table 1).These variations however, were 
only significant between months (P < 0.01) but not between reservoirs and seasons (P > 0.05). 
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4.1 Metal ions 
The lowest concentrations of Cu, Zn, Mn, Fe and Cr were below detectable limits in the 
three reservoirs. The highest concentration of Cu, Zn and Cr was recorded in Zaria reservoir 
(0.39, 0.50 and 1.10 mg/L respectively). Gimbawa reservoir had the highest concentration of 
Mn (1.01mg/L) and Fe (1.14mg/L). The mean ± SE of these metals in Gimbawa, Saminaka 
and Zaria respectively are Cu: 0.03 ± 0.03mg/L, 0.03 ± 0.02mg/L and 0.04 ± 0.03mg/L; Zn: 
0.03± 0.03 mg/L, 0.02± 0.01 mg/L and 0.04 ± 0.04 mg/L; Mn : 0.08 ± 0.08, 0.09 ± 0.06mg/L 
and 0.06 ± 0.06 mg/L mg/L; Fe: 0.28± 0.1 mg/L, 0.89± 0.43 mg/L and 0.51± 0.28 mg/L and 
Cr: 0.43± 0.07 mg/L, 0.36± 0.06 mg/L and 0.34 ± 0.08.    
Concentrations of Nickel in the three reservoirs showed the highest concentrations of 1.06, 
1.0 and 1.17 mg/L; and lowest concentrations of 0.17, 0.26 and 0.17 mg/L for Gimbawa, 
Saminaka and Zaria reservoirs respectively (Table 2). The mean ± Standard Error for the 
reservoirs were 0.64± 0.08 mg/L, 0.62± 0.06 mg/L and 0.69± 0.10 mg/L for Gimbawa, 
Saminaka and Zaria reservoirs respectively (Table 2). These differences were however not 
significant between reservoirs, months and seasons (P > 0.05).  
 
 Gimbawa  Saminaka  Zaria  MPL  
 Min Max Mean 
± SE 
Min Max Mean ± 
SE 
Min Max Mean ± 
SE 
 
Copper 
(mg/L) 
ND 0.34 0.03 ± 
0.03 
ND 0.25 0.03 ± 
0.02  
ND 0.39 0.04 ± 
0.03 
2mg/L* 
Zinc  
(mg/L) 
ND 0.3 0.03 ± 
0.03 
ND 0.17 0.02± 
0.01 
ND 0.5 0.04 ± 
0.04 
3mg/L* 
Manganese 
(mg/L) 
ND 1.01 0.08 
±0.08 
ND 0.58 0.09 ± 
0.06 
ND 0.72 0.06 ± 
0.06 
0.5mg/L* 
Cadmium 
(mg/L) 
0.06 0.22 0.14± 
0.01 
0.06 1.87 0.16 ± 
0.02 
0.06 0.25 0.11 ± 
0.02 
0.003mg/L* 
Iron  
(mg/L) 
ND 1.14 0.28 ± 
0.1 
ND 5.5 0.89 ± 
0.43 
ND 3.55 0.51 ± 
0.28 
0.3mg/L* 
Nickel 
(mg/L) 
0.17 1.06 0.64 ± 
0.08 
0.26 1 0.62 ± 
0.06 
0.17 1.17 0.69 ± 
0.10 
0.02mg/L* 
Chromium 
(mg/L) 
ND 0.96 0.43 ± 
0.07 
ND 0.67 0.36± 
0.06 
ND 1.1 0.34 ± 
0.08 
0.05mg/L* 
Calcium  
(mg/L) 
2.33 41.67 7.70 ± 
3.10 
1 20 6.4 ± 
1.93  
1 40 5.6 ± 
3.14 
200mg/L* 
Magnesium 
(mg/L) 
1.6 4.7 3.01 ± 
0.24  
0.9 8.3 3.19± 
0.74 
0.8 5.1 2.59 ± 
0.31 
0.02mg/L** 
Potassium 
(mg/L) 
2.6 8.5 4.80 ± 
0.56 
2.4 9.4 4.8 ± 
0.55 
2.8 6 4.2 ± 
0.26 
200mg/L* 
Sodium 
(mg/L) 
8.9 14.5 12.19 ± 
0.53 
6.4 27.3 11.49 ± 
1.75 
6.8 15.9 9.84 ± 
0.74 
200mg/L* 
ND= not detectable, Min= minimum, Max= maximum, SE= Standard Error  *WHO, 2006   ** Standard 
Organisation of Nigeria, 2007, MPL = maximum permissible limit 
Table 2. Mean Values of Metal ions Observed in Gimbawa, Saminaka and Zaria reservoirs 
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The highest concentrations of 1.01, 0.58 and 0.5 mg/L of Manganese were observed in 
Gimbawa, Saminaka  and Zaria reservoirs, the lowest concentrations of Manganese were 
below detectable limits in the three reservoirs. The mean ± SE concentration of Manganese 
was 0.08 ± 0.08mg/L,0.09±0.06 mg/L and 0.11±0.06 mg/L in Gimbawa, Saminaka and Zaria 
reservoirs respectively (Table 2). 
The concentrations of Cadmium in the three reservoirs showed highest values of 0.22, 0.25 
and 0.19 mg/L in Gimbawa, Saminaka and Zaria reservoirs respectively. The three 
reservoirs had lowest concentrations of 0.06 mg/L during the study period. The mean ± 
Standard Error for the reservoirs were 0.14± 0.01 mg/L, 0.16± 0.02 mg/L and 0.11± 0.02 
mg/L for Gimbawa, Saminaka and Zaria reservoirs respectively (Table 2). These differences 
were however not significant between reservoirs, months and seasons (P > 0.05). 
Magnesium concentration in the three reservoirs showed a highest concentration of 
4.7mg/L, 8.3mg/L and 5.1mg/L and lowest of 1.6, 0.9 and 0.8 for Gimbawa, Saminaka and 
Zaria reservoirs respectively. The mean ± SE for the reservoirs were 7.70± 3.10 mg/L, 6.4± 
1.93 mg/L and 5.6± 3.14 mg/L for Gimbawa, Saminaka and Zaria reservoirs respectively 
(Table 2). These differences were however not significant between reservoirs and months (P 
> 0.05) but significant between seasons (P < 0.05).  
The highest Sodium concentrations observed were 14.5, 27.3 and 15.9 mg/L and lowest of 
8.9, 6.4, and 6.8 mg/l in Gimbawa, Saminaka and Zaria reservoirs respectively. The mean ± 
SE for the reservoirs were 12.19± 0.53 mg/L, 11.49± 1.75 mg/L and 9.84± 0.74 mg/L for 
Gimbawa, Saminaka and Zaria reservoirs respectively (Table 2). These differences were 
however not significant between reservoirs and months (P > 0.05) but significant between 
seasons (P < 0.05), with significant interaction between reservoirs and seasons (P < 0.01). 
Gimbawa, Saminaka and Zaria reservoirs had the highest concentration of Potassium of 8.5, 
9.4 and 6 mg/L and lowest of 2.6, 2.4 and 2.8 mg/L respectively. The mean ± Standard Error 
for the reservoirs were 4.80± 0.56 mg/L, 4.80± 0.53 mg/L and 4.2± 0.26 mg/L for Gimbawa, 
Saminaka and Zaria reservoirs respectively (Table 2). These differences were however not 
significant between reservoirs, months and seasons (P > 0.05). 
The three reservoirs had the highest Iron concentrations of 1.14 mg/L (Gimbawa), 5.4 mg/L 
(Saminaka) and 3.55mg/L (Zaria). The lowest concentrations of Iron were below detectable 
limits in the three reservoirs. The mean ± Standard Error for the reservoirs were 0.28± 0.1 
mg/L, 0.89± 0.43 mg/L and 0.51± 0.28 mg/L for Gimbawa, Saminaka and Zaria reservoirs 
respectively (Table 2). These differences were however not significant between reservoirs, 
months and seasons (P > 0.05). 
4.2 Cyanobacteria 
Gimbawa reservoir had its highest number of cyanobacteria cells/L in the month of 
December (112) and lowest in the month June and August (0 cells/L). Saminaka reservoir 
had its highest number in the month of March (292 cells/L) and lowest in the months of 
June and January  
(4cells/L). Zaria reservoir had its highest abundance in October (88cells/L) and lowest in 
the month of May (32 cells/L) (Table 3). 
Number of taxa (8), number of individuals (308), Shannon Index (1.59) and  Simpson index 
(0.76) was observed in Gimbawa reservoir during the dry season was higher than that 
observed in the wet season (4, 152, 1.11 and 0.62 respectively). Dominance was higher in the 
wet season (0.38) than dry season (0.24).  
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Reservoir  May Jun Jul  Aug  Sep Oct  Nov Dec  Jan  Feb Mar Apr  Total  
Gimbawa  16  0  28  0  68  12  60  112  12  40  40  44  432  
Saminaka  24  12  40  32  60  40  48  52  4  68  292  220  892  
Zaria  32  68  36  36  88  188  120  76  68  76  48  4  840  
Table 3. Monthly Abundance (cells/L) of Cyanobacteria in Gimbawa, Saminaka and Zaria 
reservoirs 
In Saminaka reservoir the trend was similar, number of individuals (464), Shannon Index 
(0.97) and  Simpson index (0.56)  observed  during the dry season was higher than that 
observed in the wet season (236, 0.81 and 0.41 respectively), dominance was higher in the 
wet season (0.38) than dry season (0.24). The only exception was that the number of taxa 
observed in both seasons was equal (5). 
 
Diversity Index  Gimbawa   Saminaka   Zaria  
 Wet  Dry Wet  Dry  Wet  Dry  
Taxa_S  4  8 5  5  4  6  
Individuals  152  308 236  464  448  392  
Dominance_D  0.38  0.24 0.59  0.44  0.53  0.31  
Shannon_H  1.11  1.59 0.81  0.97  0.88  1.38  
Simpson_1-D  0.62  0.76 0.41  0.56  0.47  0.69  
Table 4. Seasonal Diversity Indices of Cyanobacteria in Gimbawa, Saminaka and Zaria 
reservoirs  
In Zaria reservoir, the dry season  a higher number of taxa (6), Shannon index (1.4) and 
Simpson index ( 0.69) were observed than the wet season ( 4, 0.88 and 0.47 respectively). 
While dominance (0.53) and number of individuals (448) observed in the wet season were 
higher than that observed in the dry season (0.31 and 392 respectively) (Table 4). 
4.3 Relationship between physico-chemical characteristics and phytoplankton 
In Gimbawa reservoir significant positive correlation was observed between Mg and 
Sacconema sp (r = 0.43) and Trichodesmium sp (r = 0.43) and between Fe and Arthrospira sp 
(0.43) and Borzia sp (0.43) (Table 5). pH and Electrical Conductivity showed significant 
positive correlation with Arthrospira sp (0.75 and 0.98 respectively); Borzia sp (0.75 and 0.98 
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respectively) and Merismopedia sp (0.51 and  0.64 respectively); BOD with Merismopedia sp 
(0.55) (Table 6). 
In Saminaka reservoir, significant positive correlation was observed between Chromium with 
Oscillatoria sp (r = 0.40); Nickel with Gleocystis sp (r = 0.63), Microcystis sp (0.67) and 
Trichodesmium sp (0.45); Cadmium with Gleocystis sp (r = 0.82), Microcystis sp (0.88) and Iron 
with Microcystis sp (0.66).  Significant negative correlation was observed between Potassium 
and Spirulina sp (-0.45); Sodium with Oscillatoria sp (-0.48) and Sacconema sp (-0.64); Chromium 
with Merismopedia sp (-0.49) (Table 5). Microcystis sp was observed to show significant positive 
correlation with DO (0.42), BOD (0.49), Alkalinity (0.64), NO3-N (0.45). It showed significant 
negative correlation with Transparency (-0.40) and PO4-P (-0.54). Oscillatoria sp showed 
significant positive correlation with Air Temperature (0.53), DO (0.50) and Alkalinity (0.50). 
Spirulina sp showed significant positive correlation with BOD (0.52) (Table 6). 
 
 K Na Mg Cr Ni Cd Fe 
Gimbawa        
Arthrospira sp 0.13 -0.12 0.04 -0.13 0.07 0.36 0.43* 
Borzia sp 0.13 -0.12 0.04 -0.13 0.07 0.36 0.43* 
Merismopedia sp -0.09 0.11 -0.09 0.15 -0.06 0.1 0.24 
Oscillatoria sp -0.35 0.23 -0.15 0.18 -0.3 -0.22 0.04 
Sacconema sp 0.01 -0.12 0.43* 0.1 -0.08 0.12 -0.11 
Spirulina sp 0.34 -0.18 -0.06 -0.39 0.14 0.26 0.17 
Spondylosium sp -0.36 -0.3 -0.04 -0.3 0.29 0.25 -0.23 
Trichodesmium sp 0.01 -0.12 0.43* 0.1 -0.08 0.12 -0.11 
Saminaka        
Gleocystis sp  -0.19  0.02  0.08  0.24  0.63**  0.82**  0.76  
Merismopedia sp  0.11  0.55*  0.33  -0.49*  0.07  0.04  0.12  
Microcystis sp  -0.24  -0.17  0.10  0.13  0.67**  0.88**  0.66**  
Nostoc sp  0.12  0.26  0.02  -0.18  0.05  -0.05  -0.02  
Oscillatoria sp  -0.11  -0.48*  -0.31  0.40*  0.19  -0.22  0.29  
Rivularia sp  -0.04  0.20  -0.18  -0.31  -0.27  -0.25  0.02  
Saccconema sp  0.35  -0.64*  0.34  0.01  -0.32  -0.19  -0.21  
Spirulina sp  -0.45*  -0.33  -0.08  -0.12  -0.31  -0.10  -0.26  
Spondilosium sp  0.13  0.28  0.06  -0.01  0.28  0.30  -0.16  
Trichodesmium sp  0.27  0.09  -0.04  -0.01  0.45*  0.08  -0.01  
Zaria        
Merismopedia sp  -0.38  -0.02  -0.14  -0.20  -0.18  -0.31  -0.16  
Nostoc sp  0.12  0.26  0.02  -0.18  0.05  -0.05  -0.02  
Oscillatoria sp  -0.11  -0.48**  -0.31  0.40*  0.19  -0.22  0.29  
Sacconema sp  -0.49*  0.03  -0.15  -0.18  0.05  -0.01  -0.21  
Spirulina sp  -0.45*  -0.33  -0.08  -0.12  -0.31  -0.10  -0.26  
Spondilosium sp  0.13  0.28  0.06  -0.01  0.28  0.30  -0.16  
Trichodesmium sp  0.27  0.09  -0.04  -0.01  0.45  0.08  -0.01  
*Significant P < 0.05, ** Significant P < 0.05 
Table 5. Correlation Coefficient (r) between Cyanobacteria and Metal Ion Concentration in 
Gimbawa, Saminaka and Zaria reservoirs  
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In Zaria reservoir, Significant negative correlation was observed between Potassium and 
Sacconema sp (r = -0.49), Spirulina sp (r = -0.45); Sodium with Oscillatoria sp (r = -0.48). 
Chromium showed significant positive correlation with Oscillatoria sp (0.40) (Table 5).  
 
Species  
 
Air 
Temp 
Water 
Temp 
Transp pH EC DO BOD Alkalinity Hardness N0
3
-N P0
4
-P 
Gimbawa             
Arthrospira 
 sp  
0.08 0.32 -0.26 0.75* 0.98** 0.25 0.25 0.27 -0.11 -0.04 0.22 
Borzia  
sp  
0.08 0.32 -0.26 0.75* 0.98** 0.25 0.25 0.27 -0.11 -0.04 0.22 
Merismopedia 
sp  
0.31 0.33 0.02 0.51* 0.64** 0.32 0.55** 0.04 0.00 -0.07 0.23 
Saminaka             
Microcystis  
sp  
0.13 0.08 -0.40* 0.37 0.34 0.42* 0.49* 0.64** 0.03 0.45* -0.54** 
Oscillatoria  
sp  
0.53** 0.18 0.35 0.29 0.12 0.50** 0.27 0.50** -0.15 0.14 0.15 
Spirulina  
sp  
0.14 0.39 -0.06 0.22 0.05 0.08 0.52** 0.28 -0.12 0.26 -0.01 
Zaria             
Nostoc 
 sp  
-0.50** -0.80** 0.62** 0.36 -0.15 0.11 0.02 0.14 0.00 -0.01 -0.39 
Spirulina 
 sp  
0.14 0.24 -0.22 -0.29 -0.20 0.00 0.01 -0.15 -0.28 -0.09 0.48* 
Spondilosium 
sp  
0.76** 0.23 -0.02 0.20 -0.06 0.59** 0.44* 0.45* -0.22 0.02 0.19 
*Significant P < 0.05, **Significant P < 0.05 
Table 6. Correlation Coefficient  between Cyanobacteria and Physico-chemical Parameters in 
Gimbawa, Saminaka and Zaria reservoirs  
5. Discussion 
The statistically significant monthly variation of mean Air Temperature in the three 
reservoirs could be attributed to the low temperatures experienced between the months of 
November and February as a result of the harmattan wind (Ezra and Nwankwo, 2001). 
The significantly higher Transparency of the water in Gimbawa reservoir may be 
attributed to the low human pressure in its catchment as it is location in the outskirts of a 
major human settlement. Thus, receiving low amount of silt and nutrients that stimulate 
algal and cyanobacterial growth. Silt and plankton abundance have been implicated in 
Transparency fluctuations (Davies et al, 2009). The circum-neutral mean pH of water in 
the reservoirs may be attributed to the relatively high alkalinity values of the reservoirs, 
which is effective as a buffer to fluctuations of pH that might be caused by introduction of 
waste water, photosynthesis and other metabolic processes. The wide fluctuations of EC 
(SE in the range of 38.59 to 41.95) an significantly monthly variations in the three 
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reservoirs may be attributed to concentration of Electrical Conducting ions due to 
evaporation during the extensive (six) months of dry season. Similar results were 
obtained by Chia and Bako (2008). DO concentration was found within the limit of 5-9 
mg/l, drinking water (UNESCO/WHO/UNEP, 1996). The mean BOD values of Gimbawa 
and Saminaka were slightly above the 2 mg/l. BOD above 2 mg/l is associated with waste 
water contamination (UNESCO/WHO/UNEP, 1996). The mean hardness values (< 1.5 
mg/l) may be due to the uptake of the ions (calcium and magnesium) responsible for 
harness of water by aquatic organisms. Calcium and Magnesium are essential for aquatic 
organisms such as algae, cyanobacteria, aquatic macrophytes as well as other reptiles. The 
Mean NO3-N (1.2 and 1.3 mg/l in Gimbawa and Zaria reservoirs) and PO4-P (0.29 in 
Gimbawa reservoir and 0.39 in Saminaka and Zaria reservoirs) were found to be above 
expected concentration range of natural unpolluted waters of 0.1mg/l and 0.001mg/l 
respectively, and are capable of stimulating cyanobacterial bloom 
(UNESCO/WHO/UNEP, 1996).        
Metal ions such as Manganese, Iron, Cadmium, Nickel, Chromium, Magnesium showed 
concentrations higher than the maximum permissible limit for WHO (2006) and SON (2007), 
other metals like Copper, Zinc, Sodium and Potassium were found to be below the 
maximum permissible limit. The implication of high concentrations of metal ions in 
drinking water include: Manganese causes neurological disorder and at concentrations 
exceeding 0.1mg/L it causes undesirable taste in beverages, stains laundry and may lead to 
the accumulation of deposit in water distribution system. Iron at levels above 0.3mg/L 
stains laundry and plumbing fixtures (WHO, 2006). Cadmium is toxic to the kidney, 
Chromium is carcinogenic, and Magnesium affects consumer acceptability of drinking water 
(SON, 2007). Zinc imparts an undesirable astringent taste to water at threshold 
concentration of 4mg/L, water containing Zinc at excess of 3-5mg/L may appear apalacent 
and develop greasy film on boiling (WHO, 2006). With the exception of Magnesium, all the 
others are heavy metals capable of accumulating in increasing concentration as they move 
up the food chain (Chindah et al, 2004).  
The dynamics of the concentration of these metals may be attributed to inflow of waste 
water from residential areas (as they are components of many household products such as 
pesticides, fungicides, paints, batteries and plumbing facilities), remobilization from 
sediment due to fluctuations of pH, inflow of agro-chemicals such as fertilizers, pesticides 
and herbicides from farms in the catchment of the reservoirs, chemicals from washing of 
automobiles. Changes in pH affects the solubility of metal ions, lowering of pH may 
remobilize insoluble metal complexes adsorbed on clay and silica in the sediments into the 
water column, for example at pH 6.7, Zinc is available to form complexes with organic 
matter while at pH > 7 Zinc begin to hydrolyze and form stable Zn(OH)2 at pH 8. It is 
important to note that there is a difference between the presence of a metal and its 
bioavailability. A metal may be present in a form that is not available for utilization by algae 
and other organisms (Kalis, 2006).  
The variation in abundance of Cyanobacteria (Saminaka > Zaria > Gimbawa) in the 
reservoirs during the study period may be attributed to the variation in N: P ratio 
(Gimbawa, 0.41; Saminaka, 0.23 and Zaria, 0.33) of the water bodies. Lower N: P ratio 
promotes cyanobacteria abundance (Tisser et al., 2008). They take advantage of their ability 
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to fix nitrogen into the aquatic environment, thus enabling them to out-compete other 
divisions (Chorus and Batram, 1999). High phosphate concentration may result from 
detergents from sewage, washing of cars, clothes and from fertilization of farms in the 
catchment of the reservoirs (Reynolds, 1998). High abundance of Cyanobacteria in drinking 
water may be a serious problem in drinking water as they produce toxins which are harmful 
to fish, livestock, other aquatic organisms and ultimately man (WHO, 2006). The presence of 
a bloom of species Microcystis, a toxin producing genus in the Saminaka reservoir is 
worrisome. 
The differences in number of taxa and number of individuals between seasons may be due 
differences in temperatures and pH as different species obtain nutrition at different pH and 
temperatures. Wilm and Dorris (1966) have suggested a relationship between species 
diversity and pollution status of aquatic system and classified as follows; > 1 = Clean water, 
1-3 = moderately-polluted < 1 = Heavily- polluted. Based on this classification, Gimbawa 
reservoir was moderately polluted in both seasons, Saminaka reservoir heavily polluted in 
both seasons while the Zaria reservoir was heavily polluted in the wet season and 
moderately polluted in the dry season. A similar classification was also used by Shehata et. 
al. (2009). Simpson index gives the evenness of species distribution; the higher evenness in 
species distribution in the dry season may be an indication that the water quality was better 
to support the growth of most of the species observed. 
Significant positive correlation between cyanobacteria and metal ions may be an indication 
of the possibility of using as indicators of the levels of these metals in a water body. These 
metals are either essential (Fe, Cu, Zn, Na, Ca, Mn, Co and K) or beneficial (Ni and As) in 
phytoplankton physiological processes (Paerles-Vela, et al., 2006). Significant negative 
correlation between metal ions and cyanobacteria may be an indication of toxicity of these 
metals at high concentrations level exceeding the requirement for nutrition or increased 
utilization of metals in periods of high abundance.   Some of the metals that show significant 
negative correlation with cyanobacteria abundance are either essential (Fe, Cu, Zn, Na, Ca, 
Mn, Co and K) or beneficial (Ni and As) in cyanobacteria physiological processes (Daffus, 
2002). Significant negative correlation between metal ions and cyanobacteria may be an 
indication of toxicity of these metals at high concentrations level exceeding the requirement 
for nutrition or increased utilization of metals in periods of high abundance  ((Paerles-Vela, 
et al., 2006).  
Significant positive correlation between cyanobacteria with pH and alkalinity may be due to 
the fact that some essential elements are bioavailable at certain required pH, on the other 
hand, the bioavailability of certain elements at toxic concentrations as affected by pH may 
cause a significant negative correlation between pH and alkalinity with cyanobacterial 
abundance. A significant positive correlation between nutrient (N and P) load and 
cyanobacteria abundance may be due to the fact that increased nutrient concentrations leads 
to a resultant increase in cyanobacteria abundance and a significant negative correlation 
may due to the reason that increased cyanobacteria abundance may lead to increased 
utilization of such nutrients by cyanobacteria (Rabalais, 2002). The significant relationship(s) 
between cyanobacteria abundance and DO, BOD, EC, Hardness, Temperature and 
Transparency is an indication of the inter-dependance between these important water 
quality characteristics and the Biota (Shehata et al., 2009).  
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6. Conclusion 
The introduction of waste water into these reservoirs greatly impairs the water quality of 
these reservoirs. The consequence is seen as the elevated concentration of heavy metals such 
as Cadmium, Iron, Nickel and Chromium above WHO permissible limit in drinking water. 
Waste water is also implicated in the increased nutrient (N and P) levels. These nutrients 
were found to be below concentrations to cause any harm directly to consumers but 
indirectly by their ability to stimulate cyanobacterial growth. Shannon-Weiner diversity 
index showed that the water quality of the three reservoirs follows this order Gimbawa > 
Zaria > Saminaka. 
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